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Abstract 
Recent studies have revealed that an addition of binder such as acrylic is effective in reducing cracking during the preparation 
processes of the precursors and thus in promoting the grain growth of good quality bulk superconductors.  However, when the 
distribution of binder is not uniform, some defects are introduced in the precursors and thereby the grain growth is inhibited.  At 
present, the optimum conditions for mixing binders and precursor superconducting raw materials are not yet established.  In this 
work, we have studied the effects of the liquid binder addition on the superconducting properties and the grain growth behavior of 
bulk Y-Ba-Cu-O superconductors about 40mm in diameter produced with the top-seed melt-growth process.   We have found that 
optimized binder additions contribute to the consolidation of the bulk precursor and further to the grain growth of single-grain bulk 
superconductors. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
 
     Bulk Y-Ba-Cu-O superconductors can trap magnetic fields much larger than those of Fe-Nd-B permanent magnets, 
and therefore the installment of bulk superconductors in electromagnetic machines has attracted worldwide attention 
[1].  For the development of practical superconducting devices, bulk superconductors in various dimensions and 
shapes are necessary to be produced on a mass production scale.   
     Bulk superconductors in complicated shapes have been produced by mechanically grinding or cutting melt-grown 
blocks.  However, bulk superconductors are brittle ceramics with some defects like porosities, and thus cracks tend to 
be introduced during the manufacturing processes, which lead to a decrease in trapped magnetic field values [1].  We 
also experienced that it was necessary to take special care for handling the green compact, since cracking is likely to 
occur when mishandled.   
Binders are often used in ceramic processing to improve the mechanical properties, where binders play a role like 
pastes in bonding raw material powders [2.3].  Most binders are organic compounds and contain carbon, hence their 
amount should be minimized to avoid contamination [4].  
     In this study, we added organic binders to the green compacts of Y-Ba-Cu-O and studied the effects of binder 
addition on the mechanical properties of the Y-Ba-Cu-O green pellets and also on the field trapping characteristics of 
melt-processed Y-Ba-Cu-O superconductors.  We found that binder addition was very effective in improving the 
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mechanical properties of the precursor pellet without degrading the field-trapping abilities of bulk Y-Ba-Cu-O 
superconductors.   
 
2. Experimental procedure 
 
For consolidation of the green pellet, we employed acrylic binder (AS-2000, TOAGOSEI Co.) for the present 
study.  In the bulk precursor preparation, commercial powders of YBa2Cu3Oy and Y2BaCuO5 in a molar ratio of 
100:40 were weighed and mixed thoroughly with the addition of 1wt% CeO2.  We then added a binder 2% in weight 
to the precursor powders.  The raw powders and the liquid binder were then mixed in an alumina mortar and pestle for 
two hours.  The mixed powders of 128 g was inserted in a metal mold 48 mm in diameter and compressed into a pellet 
under the pressure of 55 MPa.  
Mechanical properties of the precursor pellets with binder addition were characterized by compression tests with 
an autograph.  The precursor pellets 48 mm in diameter and 18 mm in thickness were subjected to the compression 
tests with the initial distortion speed of 10-3 /s until the samples were destructed. 
For the grain growth, we employed the top-seeded melt-growth (TSMG) process, the details of which are described 
elsewhere [1].  We used a hot seeding technique and employed Nd123 crystals as seeds.  Here we paid care in the 
initial heating stage to remove the binder based on the TG-DTA results. Otherwise, the green compact was broken on 
heating.  Invisible defects were also introduced in the precursor when improper heating patterns were used.  After the 
TSMG process, all the samples were annealed at 400qC for 200 hours in flowing oxygen.  Figure 1 shows the 
photographs of TSMG-processed Y-Ba-Cu-O samples with and without binder addition (The one of the field-trapping 
abilities average of three bulks making each.).  One can see that the grain was nucleated from the seed and extended 
toward the edge, showing that the binder addition did not hinder the grain growth. 
 
                           
(a)                                                                  (b) 
Fig. 1.  Photos of TSMG processed Y-Ba-Cu-O with: (a) no binder and; (b) 2% binder addition. 
 
TSMG-processed bulk Y-Ba-Cu-O superconductors were subjected to trapped field measurements to check the 
sample qualities.  The samples were cooled by liquid nitrogen in the presence of the magnetic field of an 
electromagnet that can generate 1T.  After removing the external field, the trapped fields were measured by scanning a 
Hall sensor two dimensionally. 
 
3. Results and discussion 
 
3. 1. Thermal analyses  
 
     Figure 2 shows TG-DTA curves for Y-Ba-Cu-O precursor with and without binder addition.  In these curves, one  
      
                         (a)                                                                         (b) 
Fig. 2.㩷 TG-DTA curves for Y-Ba-Cu-O precursor: (a) without and (b) with acrylic binder addition (2%). 
10mm 10mm 
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can notice a distinct difference in a temperature range of 250-500 °C.   
     It is clear that this temperature range corresponds to the binder evaporation or the de-bindering process.  Hence, in 
order to remove the binder from the precursor pellet, we slowly heated the green bodies in the temperature range at a 
rate of 5 °C /h.  
 
3. 2. Compression strength of the green bodies 
 
     Figure 3 shows the effects of the binder addition on the compressive strength of the green compact. It is clear that 
the compression strength could be improved with the binder addition, although no appreciable difference was 
observed in the strains where the destruction of the samples occurred.  This result clearly confirmed that binder 
addition was effective in increasing the strength of the precursor pellet. 
 
 
Fig. 3.  Compression test results for the Y-Ba-Cu-O precursors with and without the binder addition. 
 
  
3. 3. Trapped field measurements 
 
       Figure 4 shows the trapped magnetic field distributions for the TSMG-processed bulk Y-Ba-Cu-O 
superconductors with and without the binder additions.  Both samples exhibited the trapped field distributions with 
single-peak features, showing that the samples are single-domain without appreciable macroscopic defects like large 
cracks.   These results were in good agreement with optical observations presented in Fig. 1 where both samples 
exhibited single grain growth.   It was also found that the peak field value of the binder-added Y-Ba-Cu-O sample was 
higher than that without binder addition.    
Binder can increase the mechanical properties of the green compact without deteriorating the superconducting 
properties.  The present results imply that liquid binder addition was even effective in enhancing the field trapping 
abilities of bulk superconductors, presumably through a reduction of micro-cracks that are otherwise introduced into 
the green compact. 
 
  
                   (a)                                                                          (b) 
 
Fig. 4.  Trapped field distribution for the TSMG-processed Y-Ba-Cu-O bulk superconductors 42mm in diameter at 77K : (a) with 
no binder and; (b) with 2 wt% binder addition 
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      Here we estimated the critical current density (Jc) values based on a simple Bean model and Maxwell equations 
using the following equation [4]: 
 
  dB / dx = ȝ0Jc                                                                                                                      (1) 
 
where B is magnetic induction in T, x is the distance in m, Jc is the critical current density in A/m2.   P0 is the magnetic 
permeability in vacuum and is 4S× 10-7.  This equation shows that the field gradient is proportional to Jc.  For the 
calculation of Jc values, we used the magnetic field gradient presented in Figure 4.  And the aspect ratio of bulk is 
considered.   The results are shown in Table 1, where Jc values are given in the unit of A/cm2.  
 
Table 1  Critical current densities for the TSMG-processed Y-Ba-Cu-O bulk superconductors with and without binder addition 
 
sample Jc (A/cm2) 
Y-Ba-Cu-O without binder addition 10099 
Y-Ba-Cu-O with 2% binder addition 11419 
 
 
     One can see the improvement of overall Jc values estimated from the trapped field through binder addition.   There 
are two possibilities for such an improvement: intrinsic enhancement of the pinning performance and the reduction of 
microscopic defects that hinder supercurrent flow.  Since a drastic change in microstructure of bulk Y-Ba-Cu-O was 





      It was found that mechanical properties of the green compact could be enhanced with the binder addition in bulk 
Y-Ba-Cu-O.   We could develop single-grain bulk Y-Ba-Cu-O with the top-seeded melt-growth process, even when 
the binder was added, which shows that the binder addition did not hinder the grain growth of Y123 phase.  Trapped 
field measurements also confirmed that bulk Y-Ba-Cu-O with and without binder addition showed single peak 
features in their trapped field distribution, showing that single grain growth was really achieved without macroscopic 
defects.  In addition, we also confirmed that field trapping ability was improved through acrylic binder addition.   
However, we believe that such an improvement is not due to an intrinsic improvement of the pinning performance, 
and rather is due to a reduction of microscopic cracks that may hinder supercurrent flow.  In summary, it was 
confirmed that binder addition was effective in improving the strength of the green compact and thereby in the field 
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